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ABSTRACT

The possibility of a unitary exploration trip to Mars and Venus having
a total duration of about one year is examined. First of all. the case with no
planetary perturbations is taken into consideration. and a possible ideal solution
is determined. Subsequently, the perturbation due to Mars by passing at a
short distance from it is introduced. and the delay attained thereto in the trip
time is computed. Then, the perturbation due to Venus is examined, and
requirements of flights at a short distance are determined, capable of correcting
the perturbation due to Mars. A numerical example is developed. At last.
the correlations among the proposed astronsutical point of contacts and the
respective astronautical combinations of the thiee planets are discussed. Accord-
ing to calculations of the Brera's observatory, a favourable chance will occurr
on June 1971.°

Part 1

WITHOUT PERTURBATIONS.

While admiring the bold calculators, who have extended the
interplanetary nautics to the whole solar system, T limit myself in
this paper only to our nearest planets.

First of all, I am considering Mars. Its transfer ellipse, cotan-
gential to the two Earth’s and Mars’ orbits, that is calculated
according to the criterion of the minimum propellant consumption,
requires on the average -— according to Clarke — 259 days for
going to, plus 455 days for awaiting on a centrifugal orbit around
Mars the favourable conditions for the return; and other 259 days
for coming back. Hence, we have a total of almost three years,
if considering the time necessary for the departure and arrival
requirements. Stuhlinger’s nuclear space ship requires a total time
of two years.

In a recent paper of mine, where the major axis of the transfer
ellipse was assumed to be along the Earth-Mars line of nodes.
the travel for going to lasted a bit less; without changing, however,
the total endurance in a sensible way.
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I now wish to examine the propellant consumption, calculated
with the known logarithmic relations of the mass ratio, which
usually is taken as a function of the so called characteristic velocity
for the task into consideration, and which may be chosen as a
conventional term of comparison. In the previous case. D.F. Law-
den calculates a characteristic velocity of 17.3 kilometers per
second, by starting from the ground of the Earth.

I prefer to refer myself, on the contrary, to the necesc-~v
specific impulse, expressed in seconds of time, and which is obtau.ed
by dividing the above characteristic velocity for the gravitational
acceleration at the ground, g, as it is common for calculating the
available specific impulse of rocket engines (*).

Thus, we obtain for the transfer journey Earth-Mars and return
the necessary impulse of 1760 seconds, always by starting from the
Earth's ground. Recent calculators compare this impulse to an
available impulse of 400 seconds. This belongs somehow to the
future, nowadays; however, it will be soon reached, even without
using the nuclear energy.

Of the above necessary 1760 seconds, about 580 seconds are
required for establishing the space missile in a satellite orbit around
Mars and for the subsequent approach. In such a way, the mini-
mum amount required only for the going transfer — that is, 1140
seconds — is therefore aggravated by over a half.

I have therefore thought of taking into consideration the
opportunity of a circular reconnaissance travel with no waiting
dwell around the planet; that is, by limiting the purpose to docu-
mentary observations obtained during the flight performed at a
short distance from the planet. And I have drawn the attention
on an interesting astronomical phenomenon occuring during the
travel, and on some requirements concerning the observation (**).

However, the problem of the return takes no advantage from
this. On the contrary, three years are not sufficient to find again
the coincidence with the Earth, unless carrying out manoeuvers
requiring remarkable reserves of propellant.

In such a kind of reconnaissance travel, I have therefore con-
vinced myself to abandon the idea of the cotangential orbit, which
peculiar advantage of minimum consumption becomes illusive,
owing to the burden of provisions necessary for the life of the
crew during the long journey; and to find out, on the contrary, a

(*) Daily paper « Il Tempo», April 4th. 1954.
(**: See nole on page 11.
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way for reducing the endurance to a minimum, for instance only
one year instead of three years.

First of all, I show the generical possibility of this in the ideal
case of no planetary perturbations during the whole trip.

It is obvious that, in order to obtain the evolution time of one
year, that is the same time employed by the Earth, the transfer
orbit is required to have the identical major axis. In fact, Kepler’s
equation gives:

T=Ka?*? (1)

where, T is the lifetime of one evolution, and a is- the semi-major
axis of any orbit having the Sun as one of its foci. K is a constant
which, by expressing T in days and a in megakilometers, equals
about 4.98 (*).

Trasferta TERRA MARTE
nel giro esplorativo di unanno

senza perturbazioni

t*' The calculaiion is apprexizate!y obtu.ned by uti lzine the two upper
scates of a :cl.de rule tha. is the
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If now, for simplicity, we neglect the eccentricity of the
Earth’s orbit, by assuming it to be a circle of radius s, around the
Sun, S, it follows — for the new orbit we are seeking —
that: a=s..

Let us assume, further, as a first approximation, the planet
Mars to revolve along an orbit coplanar with the ecliptic; and
that at point A of Fig. 1 Mars is to be found at the minimum
distance, d, from the Earth’s orbit. It follow: AD=d; DS=s..

At last, assume the point A to be the aphelion of the missile
orbit we want to determine. The center C of such an orbit is
to be distant from point A of the quantity AC=s,. As a result,
we have therefore CS=d.

In such a way, the position of the center is located, to which
corresponds point B, so that BC results equal to the semi-minor
axis, b, of the new orbit. The focal triangle S A B results deter-
minated too; providing the eccentricity of the orbit to be found out

()

e=d/a=d/s,=senc

If the ship, intended to travel along said orbit, starts from
the Earth, according to this scheme, exactly at point B its velocity
is to result in a direction parallel to the axis S A, because B
corresponds to the mid-point, C, of the orbit to be followed.

Simultaneously, such a speed is to result of the same value as
the one which the Earth has in that point, having to meet the

relation (3), with r=s,, p=Newton constant:

3)

However, the velocity of the Earth at point B has a direction
at right angles with the side B S of the focal triangle. Therefore,
it 1s necessary the vector « velocity of the Earth », Vi, to be rotated,
in the plane SB A, of an angle equal to the angle at the apex B
of the focal triangle. This angle has been indicated by the
symbol o.

Therefore, it is necessary to compound vectorially, in the plane
S B A, the velocity Vr with a velocity W having a direction along
the base side of the isosceles triangle V, V; W of Fig. 1: its value
is then equal to

4

W/Vr=2seno2 > f1+e—li—e

as deduced from (2).
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We have thus determined, always schematically, the point
where the Earth is to be found at the moment of the launching, as
well as the value and direction of vector W required for deviating
the velocity from Vr to V,, in the coplanar case taken into conside-
ration. The orbit of the missile will result tangential to the orbit
of the planet at point A corresponding to the aphelion of the orbit
in question; that is, after having travelled a quarter of the orbit.

Fig.2

I have still to consider the possibility of obtaining the impulse
corresponding to W and the requirements thereto. In Fig. 2, the
ship at the moment of departure is already circling. just like a
satellite. in an orbit of radius r, around the Earth. Let R be the

15
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average radius of the Earth. I further assume, for simplicity, the
acceleration required to escape from gravitation and to obtain, at
the end of escape, the residual velocity W to be operated tangen-
tially; that is, at the moment of departure the radial increment
of r, to be technically negligible. Hence, if V, is the pre-existing
velocity of the satellite path, we have Vg*=2 V.? the square of
the escape velocity. Therefore, the launching velocity V; required
to insure the aforesaid residual velocity W, upon completion of
the escape, results from the equation of the work:

Vit= W2 Ve (5)

The increment of velocity necessary to calculate the propellant
consumption is given by: V,—V..

At last, in order to establish the exact direction of vector W,
always in the supposition of the coplanar scheme, it is possibile
to define the launching hyperbola, referred to a stationary Earth,
where W represents the final velocity on the asymptote. Such a

hyperbola is drawn for a short initial arc in figure 2 and the
orientation of the asymptote is compared with the orientation of W,
corresponding to the angle ¢ as deduced from (2).

Having thus determined the parameters of the hyperbola, by
calculating W as a velocity to infinity on the asymptote, we there-
fore obtain:

9,R* a
a— vy, Y=—arcsen ——;
“a. '] Y r{l_'_a‘

where, a is the semi-major axis, ¥ is the asymptote angle to the
axis y’ of the hyperbola. The latter is so oriented as to result in
the asymptote direction to be parallel to the predetermined direc-
tion of vector W with respect to the axis y of the ship orbit.
Therefore. it is necessary to calculate the angie v—e/2, bv which
the axis x° of the hyperbola has to rotate with respect to the
axis x of the ship orbit, in order to determine the exact position
of the launching point X on the satellite orbit. and to deduce the
firing point X,. after having determined from the set of technical
data the duration of the jet firing.
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| tre tempi del viaggio
senza perturbazioni

== Fig.3

This being established, and always as a first approximation,
let us extend also to the planet Venus the conventional concepts
by which its orbit is considered as circular and coplanar with the

" terrestrial orbit.
As a result, we may see at once in Fig. 3 that the orbit of the
} spaceship contacts twice the orbit of Venus: namely, at points J,
/ and J.. Therefore. it is suflicient to change of some degrees, as
specified in the following. the plane of the ship orbit by adequatelv
modifving the direction of velocitv at the point of contact with
Mars to obtain an actual point of contact., where the actual
position of the planet may be presumed. Such a coincidence is
here assumed to be in correspondence with the point of contact J,,
with a determined interval of terrestrial davs from point A, where
the coincidence with Mars has been assumed. On its turn. Mars
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is to be at a determined interval from point B, where the Earth is ’
assumed to be starting off. The compatibility of the above three
conditions will be discussed later on. In Figure 3, the data assumed
for such a scheme and the times elapsing among the three coinci-
dences are traced; that is, 113 terrestrial days from the departure
point B until the point of contact with Mars: other 154 days until
grazing Venus, and at last other 98 days until finding again the
Earth, after one year, at point B of its solar orbit. The final interval
is covered more rapidly, because the ship takes advantage of

-9

its perihelion velocity. i
Fig. 4 shows the astronomical positions of Mars and Venus at
the moment when the Earth is at point B.
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As it may be seen, the above scheme is attractive, and by compa-
rison with the cotangential scheme a highly favourable result is
derived. On that end we calculate the specific impulse necessary for
starting by means of the data inserted into the figure determining
the launching velocity V., assumed as calculated by starting from
the Earth’s ground, as it has been made for the cotangential case,
that is by putting into equation (5) W=11.7; V;=11.2. One finds out
the value V.~ 16.2 kms per second, corresponding to a necessary
impulse of 1650 seconds; that is an impulse_lower than the 1760
seconds indicated by Lawden for the minimum consumption trans-
fer. Moreover, and here is the best prerogative, the travel lasts
one year instead of three years. Th:refore, if we assume in case
of one year an equipment payload of 2 tons, including 3 observers,
by adding as an average other 2 tons for support provisions, at the
departure we will get a total payload of 4 tons. The above calcu-
lation in case of the three-year travel gives 2+6=8 tons; that is,
exactly a double value. The propellant consumption following by
comparison of the specific impulses requested for the two schemes
is therefore, for the one-year travel, less than half of the respective
amount for the three-year travel.

Still a less amount would result if we conceive a similar one-
year scheme for grazing separately upon the planet Venus. In fact,
it would suffice a necessary specific impulse of 1435 seconds.
always conventionally calculated by starting from the Earth's
ground; whilst Lawden gives 2260 seconds for the cotangential
case.

The scheme of a long reconnaissance travel is. however, to be
considered also from the point of view of the observers to remain
into a narrow interior space, where they have also to alternate
during their rest time and the exercises necessary for their health.
Even from this viewpoint the one-year scheme is incomparably
superior than the three-year travel.

I now come to consider the criteria according to which we may
pass from the ideal scheme of first approximation to the executive
scheme. letting aside the simplifying assumption, and keeping the
endurance characteristic of one year only as an order of magnitude.

I mean by this it should be necessary to give up the rigorous
observance of such a duration, because in the problem we have to
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face the conditions overcome in number the variables which we
dispose of. Hence, we have eventually to be content with some
month less or more, and to keep the duration of one year only
for the title, as an attraction to read our paper; (title appeal).
Therefore, the return point on the Earth will be however different
from the departure point B. .

For similar reasons it shall be necessary to give up definitively
the condition for the point of contact with Mars to be at the
minimum distance from the terrestrial orbit. It is very difficult
this may coincide with the proper position the point of contact
with Venus must have. We have therefore to be content with a
position of the point of contact with Mars not very far from the
minimum distance position.

Hence, also the point of contact with Mars will be different
from point A in the scheme of first approximation.

Some obviously approximative positions are then to be Tect-
ified, such as that of the simultanecus presence of the spaceship
and the Earth at point B on the moment of departure. This as-
sumption disagrees with the condition that at point B the spaceship
has reached the escape from the terrestrial gravity. Practically,
in our previous studies (*) we have been of the opinion to assume
as technically acceptable a distance of the spaceship from the
Earth equal to 407 terrestrial radii, at which distance the attraction
of the planet has become the hundredth part of the Sun’s attraction.
In other terms, the departing curve of the spaceship from the
Earth is to be calculated by taking into consideration the Sun’s
attraction, and therefore it is not a hyperbola, as we have assumed
as a first approximation. Such a curve is asymptotic with the
elliptical orbit we want to determine, rather than with the asym-
ptote of the first approximation hyperbola.

At last, also the point of contact with Venus will result
different from the point marked in the first approximation scheme.

Therefore, definitively, by giving up the convenient assumption
of coplanarity, the effective positions of the Earth and the planets
may be represented as in figure 5, which is only a schematic plot.

t*; Formulazioni di Meccanica Astronautica. Proceedings Accademia Lincei
Julv-August 1855.
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